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Abstract. An investigation was conducted on a new viscosity modifier, herein 
referred to as VMA, to determine its effects and compatibility with commercially 
available superplasticizers and local cements. Marsh cone tests were conducted on 
cement pastes to compare saturation points and the influence of the viscosity 
modifying admixture.  
It was found that the VMA gave improved results when used with a 
polycarboxylate-based superplasticizer and also reduces the required dosage of the 
superplasticizer needed to achieve specific fluidity. However, it was observed that 
the VMA showed no influence whatsoever, when used with the phosphonate 
based-superplasticizer. These findings underscore the importance of establishing 
compatibilities and interactions when more than one admixture is used in fresh 
concrete.   
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Introduction 
The chemical admixture technology for use in concrete has developed since the early 
1930s [1], and as the technology continued to evolve over the years, admixtures have 
become a vital part of concrete. Presently, there exist a vast variety of admixtures, all 
fulfilling different functions. The common types of commercially available admixtures 
are: air-entrainers, plasticizers/superplasticizers, retarders, accelerators, shrinkage 
reducers, and viscosity modifiers. Gołaszewski [2] investigated the functionality and 
influence of the combined use of viscosity enhancing agents (VEA) with different 
superplasticizers (SP’s)  and found that C3A content in cement had a significant effect; 
high C3A cements require higher dosages of SPs. To achieve the high flow 
requirements for SCC, superplasticizers are added into concrete, in order to reduce the 
yield stress and increase fluidity. But by the same action, there is the unintended 
consequence of high wetness as the mix becomes less viscous (high flowing paste) and 
may cause segregation. A viscosity modifier is added in order to increase plastic 
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viscosity without much effect on the yield stress (fluidity), consequently making the 
mix to be cohesive. 
The purpose of this research was to assess the effects and compatibility of a new 
viscosity modifying agent, VMA, with commercially available superplasticizers and 
cements in the South African market.  
1.  Background 
The use of admixtures has taken place since the days of the ancient civilizations. 
Originally, these admixtures were made from organic matter and were predominantly 
used as: water resistant and tinting surface coats and set retarders for mortar [1]. Some 
natural admixtures used throughout history were; “milk and lard by the Romans; eggs 
during the middle ages in Europe, and extracts from elm soaked in water and boiled 
bananas by the Chinese” [1]. Pozzolanic materials, (also referred to as mineral 
admixtures) were first used by the ancient Greeks during the period 700-600 B.C. The 
ancient Greeks used these materials in constructing water-storage tanks [3]. These 
construction techniques were then passed on through the ages and adapted for different 
purposes by the Romans, the French and the Spanish. Most recently, after the invention 
of Portland cement, natural pozzolan has been used as a concrete strengthening additive 
to improve engineering characteristics [3]. Modern use of chemical admixtures started 
around 1900’s with different admixture types emerging over different periods of the 
century as shown in Figure 1. 
 
     
 
 
Figure 1. Different admixture types emerging over different periods of the century  
2. Experimental 
The Marsh Cone tests were used to evaluate the fluidity of the mixes and also to 
determine the saturation points for different superplasticizers with and without the 
addition of VMA and silica fume. 
The Marsh Cone used in this investigation was fabricated inhouse. Although the 
dimensions of the fabricated apparatus were different from those required by BS EN 
445:2007 [4],  the side slope of the fabricated cone was made to be almost identical 
with that of the standard specifications [4].  It was built using an adhesive glue, a 
plastic funnel with appropriate nozzle shape and diameter, and a plastic vacuum jug of 
an approximate 2-litre volume. Figure 2 shows the dimensions of the Marsh Cone size 
that was fabricated for conducting the experiment.  
 
 
 
Figure 2. Dimensions of the fabricated Marsh Cone 
 
The investigation was conducted using two superplasticizers of different chemical 
bases i.e the modified polycarboxylate (SPS) and the modified phosphonate (SPC). 
Paste mixes were prepared at water/cementitious ratio (w/c) of 0.4. By varying the 
recommended dosages of the superplasticizers, it was possible to establish the 
saturation points (SatP) with and without incorporation of the VMA. An extension of 
the study included the incorporation of 10% silica fume (SF) into the mixtures. Table 1 
gives the various sets of Marsh Cone tests conducted on paste mixtures. 
Table 1. The various Marsh Cone tests 
Constituent SPS SPC SPS SPC SPS SPC SPS+SF SPC+SF 
Cement X X X X X X X X 
Water X X X X X X X X 
Silica Fume 
  
X X 
  
X X 
VMA (%) 
  
0.05-
0.25 
0.05-
0.25 
0.1 0.1 
  
SP dosage 
(%)  
0.6-3 0.6-3 1.5 1.8 0.6-3 0.6-3 0.6-3 0.6-3 
 
The experiment was conducted in three stages: (i) First, the dosages of admixtures 
(SPS/SPC) were varied in order to obtain its saturation point (SatP), then (ii) VMA 
dosage was varied for a fixed dosage of admixture at its saturation point, finally (iii) 
the dosage of admixture was varied at a constant dosage of VMA. 
 
3.  Discussion of results 
3.1 Saturation points of the different admixtures 
The results of the Marsh Cone test are shown in Figures 3 to 6. In Figure 3, it can be 
seen that the modified polycarboxylate SPS gave a lower saturation point of 1.5% 
compared to 1.8% of the modified phosphonate SPC. However, SPS gave a greater 
flow efficiency than SPC.  
3.2 Effect of the viscosity modifying admixture on saturation points of superplasticisers  
In order to examine the effect of VMA on the paste mix, a test series with SPS and with 
SPC was carried out. In this series, the dosage of the admixtures was fixed at its 
pretermined SatP while the dosage of VMA was varied from 0.05% to 0.25% by mass 
of cement, i.e the SPS dosage was fixed at 1.5% while that of SPC was kept at 1.8%. 
For SPS, the optimum dosage of VMA was established to be 0.1%, with higher or lower 
dosages giving higher flow times, as shown in Figure 4. Similarly, it shown that the 
optimal dosage for SPC was 0.05-0.1%, both of which gave similar results. While 
dosages lower than 0.1% did not increase or lower the flow time, it was clear that 
raising the dosage of VMA to above 0.1% led to a dramatic increase in flow time, 
implying reduced workability.  
Having established the SatPs of admixtures and optimum dosages for use of VMA, a 
test series was conducted in which VMA was introduced into the mixture at a fixed 
(optimum) dosage while the admixture dosage was varied. The results of this test series 
are shown in Figure 5. Clearly, in the presence of VMA there is a significant effect 
characterized by reduction of the amount SPS required to maintain the same level of 
fluidity. However, the SatP of the SPS remained unchanged by the use of VMA. 
Interestingly, however, the use of VMA with SPC had no effect on the performance of 
SPC, with both curves remaining in the same position with or without the VMA (Figure 
5). The factor that was found to be common to the interaction of VMA and both 
superplasticizers, was that the SatP’s of the superplasticizers (SPS/SPC) remained 
unchanged.  
3.3 Effect of silica fume  
Using silica fume in the mixtures had a strong influence on the SatP of both 
superplasticizers (SPS and SPC). It can be seen in Figure 6 that the SatP of SPS shifted 
from 1.5% to 2%, while that of SPC increased from 1.8 to 2.4%, when 10% SF was 
incorporated into the mixtures.  
 
 
 
 
  
 
 
 
 
  Figure 3. Saturation points (SatP) of the superplasticisers 
 
 
         Figure 4.  Optimum dosage of VMA 
 
 
 
Figure 5. Influence of VMA on flow and SatP  
 
  
 Figure 6. Influence of silica fume on flow and SatP 
 
4.  Conclusions 
 
From the foregone results and analysis presented, the following conclusions were 
drawn:- 
• The modified polycarboxylate superplasticizer gave a lower saturation point of 
1.5% compared to 1.8% of the modified phosphonate superplasticizer. However, 
the latter had greater flow efficiency than the former. 
• The VMA reduces the amount of a modified polycarboxylate superplasticizer 
needed to maintain the same paste fluidity. 
• On the other hand, the VMA does not seem to affect positively nor adversely the 
use of modified phosphonate superplasticizer, as the viscosity modifier shows no 
impact on the saturation point or fluidity of cement paste. 
Acknowledgement 
The work presented in this paper was based on the final year investigation project of Mr. 
Sebastian Burwitz and Mr. Stephen Panagiotou.  
References 
[1] American Concrete Institute, Chemical Admixtures for Concrete, ACI Committee E-701, ACI 
Education Bulletin E4-03. 
[2] Gołaszewski J., Influence of viscosity enhancing agent on rheology and compressive strength of 
superplasticized mortars, Journal of Civil Engineering and Management,  Vol. 15, no2, 2009, pp.181-
188.  
[3] Wilson, J.W. and Ding, Y.C., A Comprehenssive Report on Pozzolanic Admixtures, the Cement 
Industry, Market and Economic Trends and Major Companies Operating in the FarEast, with 
Referenceto Pagan Island, Department of Public Lands, Commonwealth of Northern Mariana Islands, 
2007 
[4]  British Standards Institution. (2007). BS EN 445:2007 Grout for prestressing tendons — Test methods. 
London: Standards Policy and Strategy Committee. 
 
